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Director: Dr. Jerry Bromenshenk 
The combined effects of various S02 and TSP sources, operating at 
varying levels, are thought to produce significant impact to the Northfork 
Flathead River Valley of Northwestern Montana, directly adjacent to Glacier 
National Park. This impact has the potential to degrade the Class I airshed 
of the Park. 
A traditional modeling study was undertaken to quantify the combined 
source effects of the pollutants. Point sources of S02 outside of the valley 
were modeled with EPA COMPLEX II to ascertain the degree of transport 
into the valley. A multi-box model (MULTI-BOX) was developed by the 
author to model TSP sources within the valley and S02 transport beyond 
the limits of COMPLEX II. All sources were modeled at five different 
emission levels. 
Results are presented in an interactive, data base management style, 
computer program. Thus allowing the user to choose various sources and 
emission levels and subsequently evaluate the net effect of the combined 
sources. 
Modeling study results indicate a relatively minor impact of the S02 Point 
Sources to the valley S02 concentrations. TSP modeling results indicate a 
continual impact from road dust emissions, exacerbated by seasonal traffic 
increases and logging slash burns. Increases in activity could exceed 
Federal PSD regulations. 
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Chapter 1 
INTRODUCTION 
The ability to predict ground-level concentrations of air pollutants, emitted 
from various sources in a given area, is a useful tool for many resource managers. 
In fact, these tools, collectively known as air pollution dispersion models, are an 
integral part of many land use management decisions. 
Typically, air pollutant model evaluations are made by modeling specialists 
who perform the work and interpret the results. Since few decision makers come 
from a modeling background, the transfer of model results can introduce error 
through the translation. A different approach, which would lessen the translation-
introduced error, is to make the results available in a dynamic, understandable 
format via an interactive computer program. The dynamic nature is introduced by 
having results from various modeling scenarios available to the decision maker. 
This study performed the actual modeling work using standard methods. The 
results are expressed in the aforementioned computer program format. This 
program accesses the results of the modeling work and accumulates the 
contributions of various sources. The emission rate of the sources was varied in 
the modeling process by percentage increases and decreases. The user of the 
interactive program, NORTH, can modify the source emission rate, by the same 
percentages, to obtain the cumulative contributions of various sources operated at 
different rates. 
1 
2 
This modeling project was performed for the Northfork Flathead Valley, west 
of Glacier National Park in Northwestern Montana. The pollutants modeled were 
S02 (sulfur dioxide) and TSP (total suspended particulates). Figure 1-1 illustrates 
the study area. 
This valley was chosen for several reasons including being directly adjacent 
to a Class I air quality area and availability of source and meteorological data. 
Also, the current national interest concerning the protection of the National Parks 
from external threats was a major influence in the decision to study the Northfork. 
Keiter (1985) discusses these interests. 
The modeling work was performed according to EPA or other methods 
described in the literature (Boyce, 1981; Derrick, 1974; EPRI 1979; Ragland, 1973; 
Reiquam, 1970; Turner, 1970). The algorithms used to estimate pollutant 
concentrations were EPA'S COMPLEX II model for point sources, and MULTI-BOX, a 
model written by the author for non-point TSP sources and S02 in the upper 
Northfork Valley. 
The cumulative concentration model (NORTH) is an attempt to allow non-
modelers better access to the results, in a dynamic, easily understandable format. 
Economically speaking, the user/client, receives "more modeling" for the money as 
it allows a large number of source/emission rate combinations to be evaluated, 
without the continuing expense of a modeling consultant. 
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Chapter 2 
METEOROLOGICAL DATA 
2.1. Introduction 
Meteorological data are required as input for COMPLEX II and MULTI-BOX. 
This data include measurements of surface and upper air parameters. 
2.2. Surface Data 
Surface data from the National Weather Service (NWS) station at Glacier 
International Airport (GIA) were used. This was the closest NWS station to the 
Northfork. This data are indicative of surface conditions at the point sources, which 
are located in similar terrain and close to GIA. The data appear to be only 
somewhat less indicative of conditions in the Northfork Valley, based upon 
comparisons with surface wind data from Polebridge which were measured in the 
Flathead EIS study (Montana AQB, 1983). 
Surface observations include station and time identifiers, surface 
temperature, wind speed and direction, cloud cover, ceiling height, plus other data 
not utilized in the UNAMAP model COMPLEX II. These data for 1980, 1981, and 
1982, were received on tape in an hourly format from the Montana AQB. These 
three years also had S04 (sulfate), N03 (nitrate), and TSP data, measured in the 
study area during the Flathead EIS study (Montana AQB, 1983). Meteorological data 
from 1982 were used to make model output comparisons, since only 1982 had a 
full year's complement of data (8760 hours). 
4 
5 
Raw surface data were processed with the Met Preprocessor from the 
UNAMAP model CRSTER (U.S.E.P.A., 1977). This program calculates stability classes 
for urban and rural conditions for each hour, changes wind direction to a flow 
vector (wind direction +/- 180 degrees), randomizes this flow vector by adding or 
subtracting a random value between 0 and 9 to vary the direction between -4 and 
+5 degrees, and changes NWS units to metric units for various values. 
2.3. Upper Air Data 
COMPLEX II requires a mixing height value for all stability classes except 
stable conditions, thus Classes A - D (see Turner, 1970). These data are generally 
obtained from NWS upper air stations. There are two in Montana one located at 
Great Falls and one at Glasgow. Both of these are East of the Continental Divide 
and in terrain dissimilar to the Northfork. Consequently, these data could not be 
used. 
What was needed for the Northfork Valley was a way to estimate hourly 
mixing heights from 1982 surface data. It was reasoned that since stability and 
mixing height are both dependent on temperature lapse rate, the two must be 
related. Since stability and mixing height data were available for July 1978 through 
September 1980, an attempt to correlate the two was made. The resulting linear 
equation would then be used to estimate morning and afternoon mixing heights 
from the 1982 surface data set. 
Average monthly mixing height values for these months were derived from 
temperature sonde readings from balloon flights made during the Flathead EIS 
6 
study (Montana AQB, 1983). This study also made stability class interpretations 
from acoustic radar soundings. 
The balloon flights were made at GIA one half hour after sunrise and at 1400 
hours, Monday, Wednesday, and Friday. These data were analyzed to produce 
average morning and afternoon lapse rates for each month. These lapse rates and 
the dry adiabatic lapse rate were then hand plotted against height. The intersection 
of these two rates was the average morning or afternoon mixing height for that 
month. This average morning and afternoon value was reported in the Flathead EIS 
report (Montana AQB, 1983) and was the dependent variable in the correlation. 
The stability class interpretations were reported in the Flathead EIS report 
(Montana AQB, 1983) for every two hours of each day between July 1978 and June 
1980. Some data were missing in these months. Whenever possible, the stability 
class value (A - F, interpreted as 1 - 6) for 0600 hours, for Monday, Wednesday, 
and Friday was averaged for the month as the average morning stability class. 
Likewise, the 1400 hour stability class was averaged as the average afternoon 
stability class for each month. When values for Monday, Wednesday, or Friday were 
missing, adjacent days were used (approximately 15% of the time). Since there 
were balloon flights made on 13 days of each month, stability class values from 13 
days were also used. An average value for morning and afternoon stability class 
was derived. The correlation analysis used the average stability class as the 
independent variable. 
The Product - Moment Correlation technique was used according to Sokal 
and Rohlf (1981). The results of this correlation are reported in Appendix A Table 
7 
A-1. The 0.83 "r" value arrived at is significant at the 1 % level, which has a critical 
"r" value of 0.393 (Sokal and Rohlf, 1981). Not only was the correlation significant, 
but a plot of these data (Figure 2-1) reveals that the scatter about the line is 
small, except for a few outliers. The clustering effect around the E and F stability 
classes was examined by performing a correlation analysis for stability classes 2 -
5 (B - E) inclusive. The "r" value was 0.85 and the Standard Deviation was 648.0, 
both very close to the original correlation. This would indicate that the clustering 
does not significantly affect the correlation. 
Subsequently, a linear regression was performed with the same variables 
(Sokal and Rohlf, 1981). This linear equation, given in Table A-1, Appendix A, was 
used to estimate morning and afternoon mixing heights from the stability class for 
0600 and 1400 hours, respectively, from the 1982 surface data set. The value was 
never allowed to be less than 50 meters which was the lowest value reported 
(Montana AQB, 1983). 
Optimally, onsite lapse rate measurements should be used to make mixing 
height estimations. However, the above technique can be used in the absence of 
these data, to provide a reasonable estimation of mixing heights for a study area. 
It should be noted that other methods for estimating hourly mixing height 
were explored. The EPA linear interpolation (from CRSTER) and the method of 
Benkley and Schulman (1979) both require mixing height or lapse rate 
measurements for the study area. In fact, the latter is an alternative to the former. 
These methods do not estimate mixing height from surface data. The necessary 
data were not readily available (given economic constraints) for use. 
2000 
1500 
1000 
stability class 
Figure 2-1: Stability Vs. Mixing Ht. Plot 
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Chapter 3 
EMISSION SOURCES 
3.1. Introduction 
Emission sources thought to impact the Northfork were chosen based upon 
their location and strength. Sources were distinguished as either Point or Non-
Point according to their emission characteristics. 
Source strength is a direct function of the level of usage of the particular 
source, such as tons of waste wood burned per year for a waste wood boiler at a 
lumber plant, or acres of slash burned per year. Therefore, to give the model user 
some flexibility in specifying varying levels of usage for the sources, these levels 
were varied by percent increases or decreases. Subsequently, these various levels 
of usage were input to the appropriate concentration computation algorithm as the 
required emission source data. 
Emission data were gathered for at least a one year period for all sources. 
The particular year was generally dictated by availability, but in all cases the year 
is within or close to the overall modeling period, 1978 - 1982. The level of usage 
for the year for which data were gathered is considered the "Zero" year in that "0" 
percent changes in the level of emissions are considered. Essentially this is the 
baseline year, upon which changes can be evaluated. 
Point source data were obtained from the Montana AQB inventory (1984). 
9 
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Non-point source data were obtained from various sources including Stewart 
(1980), Brown (1985), AP-40 and AP-42 (U.S.E.P.A. 1973b, 1973a), Ottmar (1982), and 
U.S.D.A. Forest Service (1979). 
3.2. Point Sources 
The only S02 sources considered were large point sources. There are no 
such sources within the Northfork. All point sources were located in the vicinity of 
the "Northfork notch", the Kalispell - Columbia Falls area. The "notch" is the 
opening to the Flathead Valley created by the route of the Northfork Flathead River. 
Figure 3-1 shows the location of the pertinent sources. 
The Point Source Inventory from the Montana AQB gives all of the 
information necessary to run COMPLEX II. Table 3-1 gives the Zero level data for 
each point source. Most of the data were used as reported in the inventory. 
Upon investigation, however, some of the data were found to be missing or 
seemingly non-realistic (upon comparison with expected values based on standard 
combustion equations). Thess data were for stack flow and velocity rates for wood 
combustion sources. 
Theoretical for stack flow and velocity values, based on flue gas generation 
factors from AP-40 (U.S.E.P.A., 1973b), were 100 - 300 % lower than the reported 
values. Also, the author's personal experience has shown that designed stack 
velocities range from approximately 0.5 - 30.0 meters per second. Some of the 
reported values were 150 - 250 meters per second. 
All stack flow data for wood combustion sources, from the inventory, were 
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Figure 3-1: S02 Point Source Locations 
replaced with values calculated with flue gas generation factors, based on units of 
wood burned These factors came from AP-40 (U.S.E.P.A., 1973b). A factor of 179.63 
12 
Table 3-1: Zero Level Point Source Emission Data 
Source East North S02 Stack Stack Stack Stack Base Process 
name Cord. Cord. rate Ht. Dia. Vel. Temp Elev. Rate 
(km) (km) (g/sec) (m) (m) (m/sec) (K) (m) (ton/yr) 
Plum Cr Evg. 
Stoker Boil 701.6 5345.3 0.32 15.2 1.98 15.4 344 888 147000+ 
Plum Cr Evg. 
Veneer Heat 701.6 5345.3 0.07 12.2 0.3 145.5 450 888 33549+ 
Plum Creek CF 
Wood Boil 708.1 5361.8 0.09 15.2 3-0 2.0 339 932 42880+ 
Stolze CF 
Wood Boil 709.1 5362.8 0.09 45.7 2.1 3-8 478 942 40300+ 
Col Falls Alum 
Reduc cells 712.1 5363-8 51.1 34.1 0.9 22.1 400 945 159404* 
Amer. Asphalt 
Concr Dryer 705.2 5344.3 0.34 7.3 1.8 9.2 339 900 46735** 
Pack & Co. Asph 
Batch Plant 698.4 5345.7 0.24 8.2 1.8 6.5 394 910 33000** 
Flathead Co. 
Asp Batch PI 705.2 5343-2 0.22 9-8 2.4 2.1 339 890 16200** 
+ waste wood 
* aluminum 
** asphalt 
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scf/pound wood burned considering 100% excess air was used in all cases, except 
for Source 2 levels Zero, -10%, and -50%, for which 50% excess air was 
considered. 
The particular problem with Source 2, the Columbia Falls Plum Creek waste 
wood boiler was due to the extremely narrow stack (0.3 meters) reported which 
results in an unrealistic velocity of nearly 190 meters/sec. It was assumed that if 
the stack were indeed this small, a lower amount of excess air would be used to 
prevent extreme backpressure on the exhaust system of the unit. An emission 
factor assuming 50% excess air (to reduce flue gas volume) was used. It must be 
assumed that if the given stack diameter and fuel rates are accurate, then a low 
amount of excess air would be utilized during combustion. Even at 50% excess 
air, the flow rate seems unrealistically high. When the usage level was increased, 
the stack diameter was increased to 1 meter, assuming this was necessary to 
safely allow for the increase. This brought the stack flow closer to expected 
values. 
Emission rates were obtained by multiplying the appropriate emission factor 
by the fuel usage or product processed values, all reported in the inventory. For 
some sources, factors are based on tons of product produced per year, e.g. asphalt 
batch plants. 
If a source was reported to operate only during a certain time of the year, 
the run of COMPLEX II for that source was conducted and utilized meteorological 
data for that period only. For example, American asphalt (Source 6) only operates 
for 1200 hours per year from May 8 through November 30. Consequently the 
14 
meteorological data for only those dates inclusive were used for the COMPLEX II 
Run. 
3.3. Non-point Sources 
Only non-point TSP sources located within the Northfork were considered. Of 
the TSP sources mentioned in the Flathead EIS study (1983), only two are of any 
significance to the Northfork, slash burning and road dust. According to the 
Flathead EIS, these two sources account for 98 - 99% of the TSP emissions in the 
entire Flathead EIS study area (Montana AQB, 1983 and Stewart, 1980). 
To calculate non-point sources, the Northfork was divided into 33 grid 
squares, each 6.36 km x 6.36 km. These are depicted in Figure 3-2. The grid 
location was placed on the west side of the valley as this area produces the vast 
majority of emissions. The grid was positioned to maximize pertinent area covered 
and uniformity of dimension. 
Within each grid square total acreage by landowner and total miles of road 
were obtained. This information was taken from the U.S.D.A. Forest Service 
Flathead National Forest Visitors Map (U.S.D.A. Forest Service, 1985c). Landowners 
were designated as U.S.F.S., Montana Dept. of State Lands, U.S. Dept. of Interior 
National Park Service, and private. Table 3-2 lists the data. As can be seen, the 
U.S.F.S. accounts for 75% of the land in the grid area. 
Road mileages were designated as either primary or secondary. Primary 
roads are graveled main access routes. U.S.F.S. roads 210 and 114 and their 
branches and National Park roads are the only primary roads in the Northfork. All 
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other roads are considered secondary. These are graded dirt roads which branch 
off of the primary roads. 
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29 
30 
31 
32 
33 
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Table 3-2: Source Grid Land Ownership 
National Forest Private State National Park 
7349 2637 
9909 77 
9986 
31^9 6837 
9141 845 
9986 
9986 
1843 8143 
8450 1536 
9698 287 
6544 82 3360 
965 3087 676 5258 
9164 828 
6586 3400 
2520 7466 
210 2285 614 6877 
9986 
9986 
8964 922 100 
537 3262 120 6067 
9726 260 
9986 
9067 841 77 
940 3004 379 5663 
9986 
9986 
9039 306 640 
9986 
9986 
8386 1600 
9986 
9986 
8574 854 558 
250,579 22,556 20,011 39,128 
(All values in acres) 
17 
Emission factors for each road type were calculated using the equation given 
in AP-42 (U.S.E.P.A., 1973a). This equation is given in Appendix B and takes into 
account factors such as silt content of road material, days receiving more than 
0.01 inches of rainfall, vehicle speed. The resulting factor is in units of pounds per 
annual vehicle miles traveled. 
Annual vehicle miles traveled (VMT) was determined for each road type for 
each grid square. Average Daily Travel (ADT) values were taken from Stewart 
(1980). This value was multiplied by the miles of each road type in each grid thus 
giving a VMT for each road type in each grid. A time usage was also included for 
each road type. Primary roads were assumed to be used all year and secondary 
roads from May through October inclusive. 
Road emissions were calculated for each grid by multiplying the VMT for 
each road type by the appropriate emission factor. Table 3-3 lists these emissions. 
Slash burning emissions were based solely on U.S.F.S. operations in the 
Northfork. This decision was based on acreage of available timber. 
Fuel loading factors, tons per acre, were taken from Stewart (1980). Of this 
total, 20 tons per acre were assumed from 0-3 inches (diameter) from Brown et 
al (1985). The total fuel load is rarely burned in a prescribed burn. These burns are 
generally performed at times of higher fuel moisture content to reduce the risk of 
loss of control of the burn. The percentage of 0 - 3 " fuel burned used was 81% , 
from Brown et al (1985). The percentage of > 3" fuel burned was determined from 
Fig. 3 in Ottmar (1982). This value is based on fuel moisture content as determined 
in the National Fire Danger Rating System for 1000 hour fuels. The percent 
Table 3-3: Source Grid Road Dust Emissions 
Grid Mo. Primary Rd 
(mi.) 
Secondary Rd 
(mi.) 
Emissions 
(tons/yr) 
1 9.4 4.7 
2 11.8 5.9 
3 3.6 21.6 554.8/10.8 
4 0.4 61.6 
5 26.0 13-0 
6 15.0 7.5 
7 1.2 18.8 184.9/9.4 
8 4.6 2.0 709.0/1.0 
9 19.2 9.6 
10 9.6 4.8 
11 12.2 6.1 
12 2.2 4.4 339.1/2.2 
13 5.0 2.5 
14 12.0 6.0 
15 9.0 4.5 
16 3.6 1.8 
17 7.8 3-9 
18 10.0 5.0 
19 18.8 9.4 
20 3.6 10.4 554.8/5.2 
21 5.0 2.5 
22 18.0 9.0 
23 20.2 10.0 
24 4.0 8.4 616.5/4.2 
25 3.0 1.5 
26 14.6 7.3 
27 0.5 17.2 34.9/8.6 
28 7.6 3-8 
29 8.2 4.1 
30 10.6 * 7.4 740.9/3.7 
31 4.6 * 3.8 320.8/1.9 
32 7.4 * 2.2 517.2/1.1 
33 4.8 * 335.5 
TOTALS 47.5 342.2 5141.0 
* - Primary road miles directly adjacent to grid included 
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moisture content used was 25%, (from Williams, 1986). This gave a fuel 
consumption percentage of 50% for > 3 ". 
The totals for each size were then broken down into amounts burned in 
either the flaming or smoldering stage. The percentages of these were 55% and 
45% respectively (Ottmar, 1982). 
Emission factors from Table 2 U.S.D.A. Forest Service (1979) were used for 
the flaming and smoldering stages with heading fires assumed. These factors 
were: flaming stage = 31 (pounds/ton) and smoldering stage = 222 (pounds/ton). 
This procedure gave an emission factor of 2.85 tons TSP/acre burned for grid 
sections 1 -24 and 2.7 tons TSP/acre burned for grid sections 25 - 33. The 
difference is due to different total available fuel loadings for the different areas 
(from Stewart, 1980). 
Acres burned in each grid were based on 1987 projected timber sales from 
the Flathead National Forest Plan (U.S.D.A. Forest Service, 1985a). 1987 was the 
year of maximum acres logged in the five year projection that contained site 
locations. The Forest Plan EIS (U.S.D.A. Forest Service, 1985b) stated that slopes 
over 40% must use non-mechanical site preparation methods. For this study, it 
was assumed that burning would be used for this instead of herbicides. The 1987 
projection values of acres burned included only clear cut acres, and all acres 
yarded by Sky 1, Sky 2, and helicopter methods. All clear cut areas for 1987 were 
yarded by these methods. 
Slash burning emissions for each grid area were calculated by multiplying 
the fuel burned values by the appropriate emission factor for each fire type. 
Appendix B Table B-1 lists these values. 
Chapter 4 
CONCENTRATION COMPUTATION 
4.1. Introduction 
Two dispersion algorithms were used for the computation of concentrations 
for both S02 and TSP. These were EPA'S COMPLEX II and MULTI-BOX, the latter 
was written by G.A. Knapp for this project. A description of each model is included 
in Appendix C. 
4.2. COMPLEX II 
The Point Source data for S02, as described in Chapter 3, were input into the 
EPA UNAMAP Series algorithm, COMPLEX II, to calculate concentrations at selected 
receptor points. The reader is directed to the source code (U.S.E.P.A, 1980) for 
exact details or to the User's Manual for the UNAMAP model MPTER (U.S.E.P.A., 
1980), as there is no formal manual for COMPLEX II. 
The source code for the model was obtained from the Montana AQB on tape. 
Some minor modifications were necessary to make the program run on the 
University of Montana's DECA system. 
COMPLEX II assumes that point sources have continuous, steady-state 
emissions. This assumption is valid for many sources, such as Sources 1 - 5, 
however, if the source only operates 8 hours per day, 5 days per week, 30 weeks 
per year, then separate runs for each 8 hour period would be necessary, or the 
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assumption is made that for the 30 week period the emissions are continuous. 
Since the output concentrations are average hourly concentrations, the latter 
option was chosen in this study. 
Meteorological data for 1982, as described in Chapter 2, were used as input. 
COMPLEX II allows the user to specify up to 180 receptor points with real or 
artificial coordinates. The model uses these points to calculate pollutant 
concentrations carried by the modeled plume. Thirty receptor points were chosen 
to track the various plumes through the Northfork notch into the lower Northfork 
valley. These receptors are shown in Figure 4-1. The elevations were taken from 
U.S.G.S. Topographical maps (both U.S.G.S., 1981) Receptors were located 1.0 meter 
above ground level. They were arranged in such a way so that the plume could be 
followed up the river valley and along the sides of the valley at higher elevations. 
A couple points were chosen at the top of peaks along the valley sides. The 
receptor coordinates in the model are real coordinates, again taken from the "topo" 
maps mentioned above. Theoretically, samplers could be located at identical points 
to verify the model results. 
The receptors were stopped at the second notch in the Northfork valley, 
separating the lower from the upper valley. It was felt that this was the extent of 
the models' reliability in simulating the plume movement. Beyond this point, the 
valley makes an approximate 20 degree turn to the northwest. The model would 
treat the plume as if the obstructing mountains weren't there. This would tend to 
push the model beyond its' limits of reliability 
Figure 4-1 shows the COMPLEX II receptor locations. 
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COMPLEX II performs hourly calculations to estimate concentrations for 
single receptor-source pairs. It performs these one by one, stores the results and 
then reports average hourly concentrations for a specified averaging period length. 
The averaging period length chosen for this study was 8760 hours, or one year. 
Since this project is producing a cumulative concentration model, based on data 
from a year of source operations, this is felt to be the most appropriate averaging 
period. 
If the recommended complex terrain option (IOPT 25 = 1) is employed, the 
COMPLEX II model makes two modifications to account for terrain effects. 1) If the 
receptor intake is between plume centerline and 400 meters above, a drop-off 
function, reducing the concentration, is employed, or, if the receptor intake is more 
than 400 meters above the plume centerline, the concentration is 0.0. 2) the 
plume centerline is never allowed to come closer than 10.0 meters to the ground 
(the elevation of which is given by the receptor base elevation). 
One model run was made for each source for the 0, + 10%, + 50%, - 10%, 
and - 50% Usage levels. Since 8 point sources were considered, 40 runs were 
made. 
The results of each run were saved and would be utilized in the cumulative 
concentration model to accumulate concentrations from various sources at the 
receptor points. 
The results of the runs for Source 8 showed that it produced barely 
detectable concentrations in the receptor network. Consequently, The results were 
not used in the cumulative concentration model. 
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4.3. MULTI-BOX 
As mentioned above, COMPLEX II was not suitable for plume modeling in the 
upper Northfork. 
Consequently, it was decided that a form of a multi-box model would be 
suitable for the central portion of the valley surrounding the river. The topography 
is relatively flat and the river maintains a relatively straight orientation. Various 
models reported in the literature were examined. No one in particular seemed to fit 
the study area well, so a model was written for the Northfork utilizing components 
of three referenced models (Derrick, 1974; Ragland, 1973; and Reiquam, 1970). The 
model is referred to as MULTI-BOX. 
The model utilizes ten, 5 km (length) x 6 km (width) boxes, oriented end-to-
end and centered on the river. A mass balance scheme is utilized to arrive at a 
mass of pollutants contained in each box every hour. The model uses hourly wind 
direction and speed data to calculate transfer coefficients that move pollutants into 
and out of each box each hour. Concentrations in the completely mixed boxes are 
calculated by dividing the mass by the volume. This volume changes hourly by 
multiplying the area (30 square kilometers) by the hourly reported mixing height. 
All meteorological data are from the 1982 data set. Receptors were located in the 
center of each box. Figure 4-2 shows the receptor locations. Figure 4-3 shows the 
box orientations. 
The valley was divided into three sections for the MULTI-BOX model. Section 
1 contained boxes 1, 2, and 3; Section 2 contained boxes 4, 5, and 6; and Section 3 
contained boxes 7, 8, 9, and 10. 
25 
KINTLA LAKE % 
s 
_ bowman 
^20 lake 
t * r * '  quartz 
lake 
^ POLEBRIDGE 
LOGGING LAKE 
£ 
lake 
medonald 
o l n e  
W E S T  G L A C I E R  
WHITE FISH 
LAKE 
WMlTEFlSH 
HA l  f  MOON 
CORAM 
w a r  t i n  c i t y  
m ) h £ r y  h o r s e  VMr* \ ! CDUUMIIA EALLS 
Scale 
7-5 0 15 mi 
25 km 
K e y  
Receptor no. 
Figure 4-2: MULTI-BOX Receptor Locations 
Model runs were made for each S02 point source. A mass of S02 was 
introduced into box # 1 (the southernmost) every hour continuously for the 
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modeling period (8760 hours). This mass was estimated by using the 
concentrations calculated by COMPLEX II at its receptor numbers 26, 27, 28 and 
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29. The mean of these was taken and multiplied by the average box volume for the 
year 1982. This volume was arrived at by multiplying the area by the average 
hourly mixing height. A mass was calculated in this way for each level of use for 
each point source. MULTI-BOX then produced an average hourly concentration for 
the modeling period. 
Model runs were made for each of the three non point sources. Each source 
was located in one of the three sections coinciding with the sections and boxes of 
the model. Only the portion of the source emanating from a particular section was 
introduced into the boxes of that section. Runs were made for the five different 
levels of use for each source in each section. 
Appendix C contains a list of the input parameters for each run. 
Gravel road emissions were introduced fully into each box as they were 
produced within the boundaries of each box. Dirt road and slash burning 
emissions, being produced outside of the boxes, were transported into the boxes 
of the particular section based upon the appropriate transfer coefficient (Appendix 
C). Thus if the wind were blowing in the direction of maximum transfer, and at a 
speed sufficient to move the pollutant into the box in one hour, then 100% of the 
emissions would be introduced into the boxes of the particular section. 
Introduction of pollutants would be less based on the hourly wind direction and 
speed. 
Pollutants are introduced only into the boxes of the section in which they are 
produced. Pollutants are transferred between all boxes in the model however. 
Gravel road emissions were continuous and vary in direct proportion to 
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annual vehicle miles traveled (VMT). This is a direct function of the number of 
vehicles and mileage of unpaved road. The only non-linear treatment to these 
emissions is the effect of meteorology over the modeling period. If the same 
modeling period is used, then the concentrations vary linearly between different 
levels of use. 
Dirt road emissions are continuous only during their usage period. Again, 
they vary in direct proportion to VMT. Concentrations can be considered to occur 
only during the usage period. 
Slash burning emissions are continuous only during the burning period. The 
only non-linear treatment to these emissions is the effect of meteorology over the 
burning/modeling period. The burning rate is kept constant (0.5 acres/hour) and the 
level of use is reported in acres burned. The emission rate is constant and the 
only variation between levels of use is the duration of the burning period. This 
method was used to allow the model to perform its only non-linear function, that 
of introducing hourly meteorology effects. 
Average hourly concentrations were produced for the modeling period for 
each source, in each section, for each level of use. Thus, a total of 15 runs for 
each source resulting in 150 concentrations were produced. These results were 
stored on tape to be used in the cumulative concentration model. 
Chapter 5 
CUMULATIVE CONCENTRATION MODEL 
5.1. Introduction 
The final product of this modeling project is a user interactive program, 
NORTH, that accumulates estimated receptor concentrations for various sources 
under various levels of use. The final "Cumulative Concentration Model", is really a 
data base management program that allows the user to choose from a large data 
base of receptor concentrations which correspond to levels of use of the modeled 
sources. 
The User's Manual in Appendix D explains the choices and required user 
input necessary to direct the model runs. 
5.2. Project Methods 
This approach is somewhat different than most modeling projects. 
Traditionally, an air pollution modeling project focuses on a few sources and 
produces voluminous data results. It is the goal of this approach to evaluate many 
sources at various levels of emission, and to present the results in a dynamic, 
summarized format. Hopefully, this approach gives the final user much more 
flexibility in interpretation of results. 
This model was written in such a way that it is easily transferred to other 
locations. Obviously, the actual modeling would have to be performed again but 
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the results, source names and levels, etc. can be easily modified. The model is 
written in ANSI Standard FORTRAN V, again, to make it easily transferrable to other 
computers. 
5.3. Model Configuration 
The model consists of the program (NORTH) and its 3 associated input data 
sets. Storage requirements are about 50 K for the model and its input data sets. 
Output can be another 20 K. In addition, a FORTRAN V compiler is probably 
necessary to get the program into a particular machine-specific format. With a 
compiler then, the model can be run on almost any computer. 
The model is written in structured FORTRAN (as structured as FORTRAN can 
get anyway) and performs concentration accumulations at each of the 23 
receptors, sequentially by source. All 23 receptors are used for S02 concentrations, 
with receptors 1- 13 being the same as receptors 16, 17, 18, 21, 22, 23, 24, 25, 26, 
27, 28, 29, and 30, from COMPLEX II. Receptors 14 - 23 are from the model MULTI-
BOX. 
There is one concentration stored for each receptor, from each source, at 
every level of use. These are stored in the input data sets and read sequentially 
into the model at the beginning of every run. 
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5.4. Model Assumptions 
Some basic assumptions must be understood by the user to interpret the 
results. Most of these have been explained in the preceding chapters and all are 
repeated in the User's Manual. These are: 
1) The overall modeling period is one year, however, some sources 
only exist for a time period less than one year, therefore, their 
contribution to the overall average hourly receptor concentration 
is only valid during their period of emission. 
2) All pollutants are conservative. No removal mechanisms are taken 
into account. In the case of TSP, rapid deposition of large 
particulates can lower the actual mass transported and thus measured 
at a receptor. 
3) For S02, all sources emit S02 continuously. Those sources which 
operate for periods less than one year were modeled for that period 
only, but again their emissions were continuous. This should be noted 
especially for sources which emit 8 hours/day, 5 days/week. 
4) TSP road sources assume uniform travel 24 hours/day. 
5) TSP slash burning assumes a constant burning rate, fuel moisture 
content, fuel size distribution, and burning in one section at a time, 
with the earliest burning occurring at the southernmost section in 
June, and proceeding sequentially northward, ending in early November. 
6) The meteorological events of 1982 are concerned. 
These assumptions must be considered at all times while interpreting model 
results. 
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5.5. MODEL Operation 
The user begins operation by entering the appropriate Operating System 
command for the particular machine. The User's Manual in Appendix D gives the 
information to run the model on the University of Montana's DECA and VAX UMT01 
computers. 
As the program proceeds, the user is prompted for every piece of 
information needed to complete a run. These entries are option selections as to 
which type, how many, and at what levels the available sources are to evaluated. 
For Non-Point sources, a choice as to which section of the upper Northfork the 
source is located in is given. 
The model is self-explanatory as far as operation is considered. 
The model accumulates concentrations at the given receptors corresponding 
to choices made by the user. These are written to an output dataset along with 
the choices made and some general NORTH information. 
The user should prepare for model operation by reading this document and 
the User's Manual (Appendix D). The primary points to be remembered for this 
model (and indeed for any model) are the assumptions made in the model 
configuration. 
Finally, the user should be prepared for model runs with a list of options 
ready. This will expedite NORTH operations and keep track of choices made during 
the run. During operation, NORTH does list some of the previous choices made by 
the user, but not all of them. 
Chapter 6 
MODEL EVALUATION AND RESULTS 
6.1. Model Evaluation 
Of the two concentration calculation algorithms, COMPLEX II and MULTI-BOX, 
only MULTI-BOX was statistically evaluated. The COMPLEX II results are dependent 
primarily upon emission rate data, not upon model manipulation, as the model 
code was not changed and model options were employed as recommended by the 
source code and MPTER User's Guide (both U.S.E.P.A., 1980). Since emission rate 
data are provided for evaluation, model results are discussed only qualitatively The 
results for annual average hourly concentrations are given in Appendix E. 
MULTI-BOX was evaluated by performing separate runs for each TSP source, 
for each month in each section. 1982 slash burning emission data (from Wilson, 
1986), were used for the evaluation instead of the 1987 data (see Chapter 4). 
These data consist of location and month of burning in 1982 and is given in Table 
6-1. The same emission rates used previously were used. The predicted 
concentrations for Receptor #17 (Polebridge) were compared to measured values 
for 1982 from the Flathead EIS (Montana AQB, 1983). The values used were average 
hourly concentrations (micrograms/ cubic meter). 
Fox (1981) and Bencala and Seinfeld (1979) discuss methods to assess air 
quality model performance. These methods are qualitative (scientific judgment) and 
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Table 6-1: 1982 Slash Burning Data 
MONTH LOCATION ACRES BURNED 
MAY T33N R21W S9 84 
JUNE T33N R21W S8 49 
JUNE T33N R21W S34 18 
JUNE « II 10 
JUNE T32N R21W S8 14 
JUNE " -» 12 
JUNE T32N R21W S15 16 
JUNE T32N R21W S10 22 
JUNE T32N R22W S11 13 
JUNE II II JG 
SEPT T34N R22W S36 27 
SEPT T34N R22W S25 33 
SEPT T32N R21W S9 20 
SEPT II II 12 
TOTAL 348 
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quantitative (statistical). Statistical methods recommended by the aforementioned 
authors were used for the evaluation of MULTI-BOX. 
The predicted average hourly concentrations for TSP were compared to the 
measured values for 1982. The residual (measured - predicted or "d"), the bias 
(sum of residuals divided by number of pairs or "mean of d"), the variance, 
standard deviation, mean square error, and root mean square error were calculated 
for the data. These results are given in Table 6-2. 
Table 6-2: MULTI-BOX Evaluation Statistics 
Evaluation Run TSP Concentration Results (Monthly Hourly Means) 
Month Predicted Cone. Measured Cone.Residual 
JAN 7.905 9.0 1.095 
FEB 8.194 10.0 1.806 
MAR 8.526 6.0 -2.526 
APR 10.301 15.0 4.699 
MAY 22.112 20.0 -2.112 
JUNE 18.497 28.0 9.503 
JULY 9.033 43.0 33-967 
AUG 9.716 16.0 6.284 
SEPT 39.235 23.0 -16.235 
OCT 8.453 13.0 4.547 
NOV 7.986 9.0 1.014 
DEC 6.276 8.0 1.724 
TOTAL 43.769 
Statistics 
Bias Variance Stan. Dev. Root Mean Sq. Error 
3.647 133-203 11.541 11.580 
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Chapter 7 
DISCUSSION 
7.1. Model Evaluation 
The statistical evaluation carried out for MULTI-BOX was performed 
according to Fox (1981) and Bencala and Seinfeld (1979). Predicted monthly 
average hourly TSP concentrations (micrograms per cubic meter) were paired with 
measured monthly average hourly TSP concentrations from the Polebridge Ranger 
Station (Montana AQB, 1983). Results are given in Table 6-2. 
Fox (1981) recommends the use of residual analysis as a means of evaluating 
model performance. The bias informs the user of the average error the model 
gives (measured - predicted), and the tendency of the model to over or under 
predict. The variance is a measure of the "noise", or interference by unexplained or 
untreated variables in the model. The square root of the variance, the standard 
deviation, also informs the user of the difference to be expected on either side of 
the mean of the predicted values. The root mean square error indicates error 
bands around the predicted value, or confidence limits for the predicted value. 
MULTI-BOX, overall, has a slight tendency to overpredict TSP concentrations, 
as compared to measured concentrations. This is represented by the positive bias 
of 3.647. The standard deviation is relatively small, 11.541, as is the root mean 
square error, 11.580. This tells the user that the model will generally over or under 
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predict within this range, on either side of the mean predictions. The variance of 
133.203 indicates little interference from untreated variables in the model. Given 
these statistics, the user of MULTI-BOX and NORTH could derive a good deal of 
confidence from the results, given accurate emission rate data. 
However, upon close inspection of the monthly predicted and measured 
concentrations, there is a significant discrepancy between predicted and measured 
values for the months of June, July and September. The remaining months have 
small differences (+/- 32% maximum) between predicted and measured values. 
Some explanation of these differences is required. 
To begin, the measured values came from the Flathead EIS study (Montana 
AQB, 1983). A High Volume TSP sampler was operated at the Polebridge Ranger 
Station. It was located approximately 30 meters from a graveled road which 
provided access to Glacier National Park, specifically, Bowman Lake. The Station is 
located just east of the Northfork Flathead River. The sampler was positioned atop 
a storage building, approximately 8 meters above the ground. It was powered by a 
gasoline generator, approximately 20 meters away and six meters below the 
sampler intake. The Station is an entrance station for the Park and vehicle speeds 
are kept low, approximately 20 - 25 miles per hour. 
Secondly, the emission rates input into MULTI-BOX for road dust emissions, 
both graveled and dirt, are averaged over an entire year of use. Thus, for graveled 
roads, the total yearly emissions for that area are divided by 8760 (hours per year) 
to give an average hourly emission rate. A similar treatment was performed for dirt 
roads, although the divisor was smaller due to a lower number of hours used per 
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year. This scheme was used to produce annual average hourly concentrations to 
be included in NORTH. Also, gravel road emissions were fully introduced into each 
box of MULTI-BOX, that is the transfer coefficient was 1.0, following the 
assumption that the emissions were created within the boxes. 
The discrepancies for the month of July can be explained by increased traffic 
into the Park along the road adjacent to the sampler. The AQB assumes that these 
sampler measurements have regional applications (Montana AQB, 1983) however, 
the modeling results would suggest that the elevated measurement of July is due 
to localized traffic increases. The close agreement of the model results to 
measured values for the remaining months (assuming low traffic on the Bowman 
Lake Road due to low visitor use) would seem to better represent regional 
concentrations. These regional concentrations would represent the effect of the 
more continual traffic flow of local residents, slash burning and logging trucks, and 
not the seasonal Park visitor traffic flow. Therefore, the regional average hourly 
TSP contribution from road dust would be 8.81 micrograms per cubic meter. 
The differences for the months of June and September are largely due to the 
influence of logging slash burning. Information from the U.S. Forest Service 
(Wilson, 1986) indicated that 348 acres of slash were burned in 1982, most of 
which were in the Big Creek and Coal Creek drainages, west of Polebridge. 
Unfortunately, exact burn dates were not available, only that these burns occurred 
in May, June, and September. 
Considering the high variability in slash burning emission rates, the 
difference between these measured and predicted values are fairly small. An 
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explanation is that the burning actually occurred at a time different than that 
modeled and thus under meteorological conditions less conducive to high TSP 
concentrations. 
September was used as an example to explore this possibility. The slash 
burns were modeled between September 1 - 8. Upon inspection of the 1982 met 
data set, September 1 — 8 is characterized by moderate mixing heights (200 - 1300 
meters) while September 15 - 30 is characterized by high (1500 - 2200 meters) 
mixing heights. To test this explanation, MULTI-BOX was run, modeling the burn 
between September 15-23 with all factors held constant except the meteorology. 
The resulting TSP average hourly concentration for September dropped from 
39.235 to 14.04. The measured average hourly concentration was 23.0. The effect 
of the meteorology and the importance of using the exact burn dates to reproduce 
measured values can thus be seen. 
The effects of residential wood smoke would be included in the residuals of 
the colder months. It is felt that these are not greatly significant in the long term 
(i.e. annual averages) but may produce significant short-term effects. Also, a 
portion of the mass contribution by graveled roads might actually be attributable 
to residential wood smoke, especially in the colder months. 
When the annual average monthly means are compared, predicted = 13.022, 
measured = 16.667, MULTI-BOX performs well. It is this annual average value that 
is included in the MODEL results. 
In summary, MULTI-BOX performed well in the statistical comparison. A more 
extensive monitoring and modeling study would be necessary for a strong model 
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evaluation and validation. In particular, monitoring locations that would represent 
regional values (with few localized effects) would be useful, and more exact time-
dependent emission rates would be beneficial. However, the predicted values 
contained in NORTH can be relied upon to represent regional, average hourly 
concentrations. 
7.2. NORTH Results 
S02 Point Source Effects 
The COMPLEX II results for Point Sources generally suggest that while there 
is some transport of S02 into the Northfork Valley from sources in the Columbia 
Falls - Kalispell area, this transport does not significantly impact the upper 
Northfork Valley. The measured S04 concentrations at Polebridge, from the 
Flathead EIS Study (Montana AQB, 1983), are, on the average, an order of 
magnitude higher than the values predicted by NORTH for S02. 
The lower Northfork Valley, in the vicinity of Receptor Nos. 1 - 5, Figure D-3 
in Appendix D, shows some significant impact, especially at Receptor No. 3. This 
impact is primarily from the Columbia Falls Aluminum Plant approximately 8 miles 
away. The predicted zero level concentration of 11.41 (micrograms/cubic meter) at 
No. 3 is indicative of the plume(s) traveling through the first Northfork "notch" into 
the lower valley with conditions of moderate wind speed and lower mixing heights. 
The topography of the valley in the vicinity of this first notch presents no physical 
obstructions for a wind blowing from the south/southwest. The lack of 
obstructions would preclude actual physical removal of S02 from the plume and 
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thus "permit" higher observed concentrations. The modeled concentrations are thus 
similar to what would be seen over flat terrain as COMPLEX II would not alter the 
plume significantly for complex terrain in this area, as the receptor elevations are 
between 10 and 300 meters higher than stack base elevations. 
The varying, and generally decreasing concentrations of Receptor Nos. 6-13 
are a result of increasing distance from the sources and increased plume rise and 
dispersion due to complex terrain treatments performed by COMPLEX II. COMPLEX 
II essentially decreases receptor concentrations by employing the complex terrain 
treatments explained in Chapter 4. Also, ground-level concentrations tend to 
decrease with increasing distance from the source due to plume expansion and 
rise. Short term episodes of high concentrations can occur during fumigation 
periods with stable conditions and low mixing heights, even at increased distances 
from the sources. 
The location of Receptor No. 12 marks the end of the area that is felt to be 
within the prediction limits of COMPLEX II. Past this location, the Northfork Valley 
makes an abrupt turn to the Northwest and becomes much more narrow. The 
actual perturbations to the plume caused by these physical obstructions tend to 
exceed the capabilities of COMPLEX II past this point. The S02 concentrations at 
this point were converted into a mass as explained in Chapter 4, and subsequently 
input into MULTI-BOX. 
The concentrations predicted by MULTI-BOX decrease gradually with 
increasing distance up the Northfork Valley. A difference would be expected 
between S02 and S04 values if the models performed perfectly. The difference 
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would be due to incomplete transformation of S02 to S04. This reasoning would 
expect an S02 concentration higher than S04. In this case, the reverse is found at 
Polebridge. An explanation for this would be some localized source of S02 or 
particulate S04 near the Polebridge Station. These possibilities are explored in the 
Flathead EIS (Montana AQB, 1983) and are essentially speculation. 
The S02 modeling results show little significant impact to the upper 
Northfork Valley at current emission rates, even those with a 50% increase over 
the zero level. The results presented in NORTH will therefore, primarily allow the 
user to distinguish these contributions to the overall average concentrations, the 
majority of which will be comprised of local S02 sources. 
The discovery of the local S02 source(s) should be a topic of further study 
TSP Non Point Source Effects 
The annual average hourly TSP concentrations reported in the NORTH results 
are considerably higher than the similar values for 1982, as reported in the MULTI-
BOX evaluation. For example, Receptor No. 17 (Polebridge) shows an annual 
average of 37.94 (micrograms per cubic meter) from the NORTH results, while it 
had a predicted average of 13.022 in 1982. 
Since the meteorology data set and road dust emission rates were the same 
for both simulations, the difference can be entirely attributed to the larger amount 
of slash burning utilized in the NORTH simulation and thus the increased effect of 
meteorology on the concentrations. The average road dust contribution of 8.81 
micrograms per cubic meter can be subtracted from the NORTH average, resulting 
in 29.13 micrograms per cubic meter contributed by slash burning. The 1982 
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simulation modeled approximately 25% of the slash burning acreage as did the 
NORTH simulation. The increased concentrations are a direct function of acreage 
burned, and meteorological conditions during the burn periods. With everything 
else held constant, one would expect the concentrations to be 300% higher if 
300% more acreage was burned. However, the location of the burns and the 
metoerology have substantial influences on the concentrations. 
It should be remembered that the 1400 acres used for the NORTH simulation 
was taken from the Flathead National Forest Plan for 1987 timber sales and 
represented the most acreage undergoing site preparation through 1990. Also, it 
was assumed that all of this acreage would be burned. The use of herbicides for 
site preparation is an alternative. 
Even with the large amount of acreage burned in the NORTH simulation, the 
averages are below the Federal National Ambient Air Quality Standard (NAAQS) of 
75.0 micrograms per cubic meter, annual average. However, when the Prevention 
of Significant Deterioration (PSD) regulations are referenced, some problems do 
exist. 
The western side of the Northfork Valley is a Class II PSD area. The eastern 
side (east of the Northfork Flathead River) is located in Glacier National Park, a 
Class I airshed. A Class I area has the same NAAQS standard but has limits on TSP 
increases to comply with PSD. These limited increases are over baseline 
concentrations. The annual average Class I PSD increment for TSP is 5.0 
micrograms per cubic meter. The 24-hour increment is 10.0 micrograms per cubic 
meter and is not to be exceeded more than once per year. The Class II PSD 
increments are 19.0 and 37.0 for annual and 24-hour periods respectively. 
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Considering the Polebridge site, the NORTH results indicate an approximate 
annual average increase of 24.0 micrograms per cubic meter, based on averaging 
monthly hourly averages. This increase would exceed the annual increment for 
both Class I and II areas. However, considering the bias and root mean square 
error of MULTI-BOX, 3.647 and 11.58, respectively, it is difficult to state whether or 
not the Class II PSD increment would be exceeded, however the exceedence of the 
Class I increment seems probable. This exceedence would occur at the "zero level" 
emission rates for the sources treated in NORTH. 
7.3. Final Discussion 
This modeling study addresses the major sources for the primary air 
pollutants in the Northfork Flathead River Valley The individual results discussed 
above indicate that S02 is not a problem presently, and in fact will remain so 
without the addition of a major source within the Valley, or directly adjacent to the 
Valley in a location with the potential for transport. This would most probably be 
to the North or South. The results of this study would indicate that a source to the 
South would have to be very large to have any significant impact on the upper 
Valley. 
As could be expected in a Rocky Mountain valley, TSP is a problem under 
conditions of stable atmosphere and low mixing heights. Excessive slash burning, 
vehicle traffic, and residential wood smoke could all exacerbate the current TSP 
problem in the Northfork, although residential wood smoke is not felt to be a 
major contributor at this time. Future development in the Valley should include 
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control measures for road dust and other sources of fugitive dust currently not a 
problem. 
Any future development should include an extensive monitoring network for 
TSP, S02 (not S04), and the other criteria pollutants, nitrogen oxides, 
hydrocarbons, and carbon monoxide. 
The user of NORTH will be able to vary the sources represented to simulate 
the aforementioned control strategies or source increases. The concentrations 
reported in NORTH are realistic and can provide accurate insight to the current 
S02 and TSP situation in the Northfork Flathead River Valley. 
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Appendix A 
Meteorology Data Statistics 
Table A-l: Stability VS. Mixing Ht. 
Correlation And Regression Data 
Correlation 
n = 38 alpha = 0.05 no transformation 
X = stability class monthly average (expressed to one decimal place) 
Y = mixing height monthly average 
Mean: X = 4.2 Y = 742.13 
Variance X = 0.7 Y = 423080.7 
Stan. Dev. X = 0.8 Y = 650.44 
Stan. Err. X = 0.1 Y = 105.52 
Covariance - 455.15 
Product - Moment Correlation coefficient = - 0.83448 
95% Confidence limits are L1 = -0.91 and L2 = -0.7 
Regression 
n = 38 alpha = 0.05 T(0.05) = 2.025 
Regression Coefficient = -647.29 
Y-intercept = 3472.7 
Equation : Mixing Ht. = 3472.7 + (-647.0)(Stability) 
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Table A-2: Stability VS. Mixing Ht. 6 A.M. Data Pairs 
AVERAGE MONTHLY 6 A.M. AVERAGE MONTHLY 6.A.M. 
STABILITY CLASS(Numerical) MIXING HT.(Meters) 
5.4 135.0 
5.3 75.0 
4.9 50.0 
4.6 135.0 
4.5 815.0 
4.7 115.0 
4.4 315.0 
4.4 95.0 
4.9 90.0 
4.7 85.0 
5.5 190.0 
5.2 190.0 
4.8 496.0 
4.8 500.0 
5.0 340.0 
4.5 790.0 
5.2 242.0 
4.9 206.0 
5.4 87.0 
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Table A-3: Stability Vs. Mixing Ht. 2 P.M. Data Pairs 
AVERAGE MONTHLY 2 P.M. AVERAGE MONTHLY 2 P.M. 
STABILITY CLASS(Numerica1) MIXING HT.(Meters) 
3.2 1300.0 
3.2 1800.0 
3.2 1420.0 
3.6 1200.0 
3.8 515.0 
4.7 195.0 
4.2 200.0 
3.6 980.0 
3-3 1500.0 
3-4 1500.0 
3.2 1811.0 
3-3 2003.0 
2.5 946.0 
4.2 606.0 
4.3 678.0 
4.4 1594.0 
2.8 1818.0 
3.1 1274.0 
3-2 1910.0 
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Appendix B 
Emission Source Calculations 
The road dust emission factors were calculated using an equation from 
AP-42 (U.S.E.P.A., 1973a). This equation is: 
Emission Factor (pounds/VMT) = 0.81 s (S/30)(365 - w/365) 
where: 
s = percent silt in road material 
S = vehicle speed (miles/hour) 
w = wetting factor - days with 0.01 inches 
of precipitation 
Primary roads in the Northfork (U.S.F.S. roads 210 and 114 and National Park 
roads) are mostly gravel. Only short sections are oiled or paved. For graveled 
roads the following variable values were used: s = 12% (from U.S.E.P.A., 1973a) S = 
30, w = 180 (allowing for precipitation, snow cover, and mud). For dirt roads the 
following variable values were used: s = 6% , S = 25, w = 180. The resulting 
factors are : gravel = 4.91, dirt = 2.71. 
VMT's for the two road types were calculated by multiplying the miles of 
road in each grid square by an Average Daily Travel (ADT) value for each road 
type. These ADT values were taken from Stewart (1980). The ADT for primary 
rural routes from Stewart was used for the primary roads. This non-point source 
inventory reported the following ADT values: 
Grid Sections 1 - 24: primary = 172 (vehicles/day) secondary = 2 
Grid Sections 25 - 33: primary = 78 (vehicles/day) secondary = 2 
6 
7 
9 
10 
13 
14 
17 
18 
25 
26 
28 
29 
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Table B-1: Slash Burning Emissions 1987 data 
Total Fuel Total Fuel Emissions 
Flamed(tons) Smolder(tons) (tons/vr) 
4392 3595 467 
134 110 14 
4232 3463 450 
1391 1138 148 
1391 1138 148 
5893 4821 626 
2705 2214 288 
2250 1841 239 
534 437 57 
8792 7193 935 
2338 1912 249 
3329 2723 354 
37,381 30,585 3,975 
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Appendix C 
Concentration Calculation Algorithms 
COMPLEX II 
This model is a member of the EPA UNAMAP series of Air Quality models. It 
is used routinely for air quality evaluations by government and private 
organizations. The model is an outgrowth of a previous model, MPTER. It allows 
multiple point source inputs, accepts hourly data, and, to make it different from 
MPTER, allows calculation of concentrations at receptors which have elevations 
higher than the lowest stack height. 
The model is a standard Gaussian model, in that it assumes pollutants are 
emitted in a continuous plume which follows the prevailing wind direction, Figure 
C-1. The distribution of the pollutants in the plume is assumed to follow a normal 
Gaussian distribution in the vertical and horizontal directions. Downwind dispersion 
is not taken into account. The emission sources are assumed to be continuous 
during the modeling period, which consists of sequential hourly segments. 
Emission data and meteorological data are used for each hour of the simulation, 
and these can change if so desired. 
There are numerous alternatives available to the COMPLEX II user to enable 
the simulation of various meteorological and source mechanisms. These 
alternatives are much too numerous to mention here, so the reader is directed to 
the source code for COMPLEX II or to the User's Manual for MPTER. 
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Choices for the various alternatives in the model can affect the 
concentrations computed. The choices used for this project are summarized in 
Table C-3, a sample of the COMPLEX II input options. The same choices were used 
for every model run. The only variables were the source emission rates. 
MULTI-BOX 
The upper portion of the Northfork Valley was not amenable to the use of 
COMPLEX II. Therefore, MULTI-BOX was written to be utilized in this area. 
Essentially, MULTI-BOX performs a mass balance calculation for pollutants in 
each of the ten boxes in the model. These boxes measure 6 km (width) by 5 km 
(length) by the hourly reported mixing height. They are oriented end-to-end, 
centered along the river, for the entire length of the valley. The pollutants are 
assumed to be fully mixed in each box, a common assumption for box models. 
The governing mass balance equation for each box follows the general form: 
The mass in the "i"th box in the "jMth hour = 
(a1 * mass(i + 1,j - 1)) + (a2 * mass(i - 1,j -1)) + (source (i,j) 
+ mass(i,j - 1) - (a1 + a2 + b1 + b2 *(mass(i,j-1) 
where: 
mass = mass of pollutants (grams) 
a1,a2,b1,b2 = transfer coefficients for the mass 
source = the mass of pollutants introduced for 
the "j"th hour into the "i"th box from a source 
The transfer coefficients refer to the percentage of the mass moved into or 
out of the box by the prevailing wind. These are based on the relationship from 
Derrick (1974), given below and illustrated in Figure C-2. 
transfer coeff = u * [ cos(arg u - theta)] 
length 
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where: 
u = hourly wind speed (km/hour) 
arg u = hourly wind direction 
theta = direction of maximum transfer for the 
particular coefficient 
length = length of box along theta (km) 
The coefficients can never be greater than 1.0, separately or in total. 
The amount of source that enters each box depends on the emission rate for 
a given hour multiplied by the transfer coefficient for that source. Theta would be 
the direction of maximum transfer into the boxes for slash burning and dirt road 
emissions as they are produced external to the boxes. The amount introduced each 
hour is therefore dependent on the wind direction and speed. 
The source transfer coefficient for gravel road emissions is 1.0 due to the 
fact that they are produced inside the boundaries of each box. 
As with COMPLEX II, the sources are assumed continuous during the 
modeling period. 
MULTI-BOX uses some meteorological treatment to diffuse area sources to 
give an approximation of concentrations within the boxes. The assumption of 
complete mixing, while common, is probably the most grand assumption in the use 
of box models. Because of this, the volume of each box was kept as small as 
possible by limiting the surface area covered. 
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Table C-l: MULTI-BOX Point Source Input Parameters 
SOURCE 
Plum Creek Ksp 
Stok Boiler 
Plum Creek Ksp 
veneer heater 
Plum Creek CF 
Wood Boiler 
Stolze CF 
Wood Boiler 
LEVEL AVG. CONC. AT BOX 1 
(micrograms/cubic nil 
0 0.007 
-10 0.0063 
-50 0.0034 
+10 0.0077 
+50 0.0105 
0 0.001625 
-10 0.001375 
-50 0.000925 
+10 0.001725 
+50 0.0024 
0 0.00865 
-10 0.00765 
-50 0.004625 
+10 0.009625 
+50 0.013625 
0 0.00295 
-10 0.002625 
-50 0.001625 
+10 0.003275 
+50 0.0046 
MASS INTO BOX 1 
(g/hr) 
244.87 
220.38 
118.94 
269.35 
367.29 
56.84 
48.1 
32.36 
60.34 
83.95 
302.58 
267.6 
161.78 
336.68 
476.6 
103.19 
91.82 
56.84 
114.56 
160.9 
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Table C-2: MULTI-BOX Point Source Input Parameters 
SOURCE 
Col Falls Alum 
Reduct Cells 
American Asph 
Concrete dryer 
Pack Asph 
Batch Plant 
LEVEL AVG. CONC. AT BOX 1 
(micrograms/cubic ml 
0 0.796 
-10 0.718 
-50 0.402 
+10 0.874 
+50 1.179 
0 0.003275 
-10 0 .003025 
-50 0.00165 
+10 0.003575 
+50 0.0049 
0 0.001425 
-10  0 .0013 
-50 0.0007 
+10 0.00155 
+50 0.0021 
MASS INTO BOX 1 
(g/hr) 
27,857.2 
25,128.8 
14.077.7 
30.570.8 
41,260.6 
114.56 
105.81 
57.72 
125.05 
171.4 
49.85 
45.47 
24.49 
54.22 
73.46 
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1 0 1 
1 -10 1 
1 -50 1 
1 +10 1 
1 +50 1 
2 0 1 
2 -10 1 
2 -50 1 
2 +10 1 
2 +50 1 
3 0 1 
3 -10 1 
3 -50 1 
3 +10 1 
3 +50 1 
1 0 121 
1 -10 121 
1 -50 121 
1 +10 121 
1 +50 121 
2 0 121 
2 -10 121 
2 -50 121 
2 +10 121 
2 +50 121 
3 0 121 
3 -10 121 
3 -50 121 
3 +10 121 
3 +50 121 
Dirt 
Roads 
Table C-3: Non-Point Source MULTI-BOX Input Parameters 
START THETA NUMBER SOURCE STRENGTH 
HR (deg) HRS g/hr/box) 
150 8760 63,899 
150 8760 57,509 
150 8760 31,949 
150 8760 70,289 
150 8760 95,848 
150 8760 40,470 
150 8760 36,423 
150 8760 20,235 
150 8760 44,516 
150 8760 60,704 
150 8760 50,513 
150 8760 45,462 
150 8760 25,257 
150 8760 55,564 
150 8760 75,769 
240 4416 5,140 
240 4416 4,626 
240 4416 2,570 
240 4416 5,654 
240 4416 7,710 
240 4416 4,386 
240 4416 3,948 
240 4416 2,193 
240 4416 4,825 
240 4416 6,580 
240 4416 1,645 
240 4416 1,481 
240 4416 823 
240 4416 1,810 
240 4416 2,468 
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DAY HR (deg) HRS (g/hr/box) 
1 0/341* 182 6 240 682 430,957 
1 -10/307* 182 6 240 614 430,957 
1 -50/171* 182 6 240 341 430,957 
1 +10/375* 182 6 240 750 430,957 
1 +50/512* 182 6 240 1023 430,957 
2 0/419* 210 6 240 838 430,957 
2 -10/377* 210 6 240 754 430,957 
2 -50/210* 210 6 240 420 430,957 
2 +10/461* 210 6 240 922 430,957 
2 +50/629* 210 6 240 1257 430,957 
3 0/590* 244 6 240 1180 408,834 
3 -10/531* 244 6 240 1062 408,834 
3 -50/295* 244 6 240 590 408,834 
3 +10/649* 244 6 240 1298 408,834 
3 +50/885* 244 6 240 1770 408,834 
IMon-Point Source MULTI-BOX Input Parameters 
START THETA NUMBER SOURCE STRENGTH 
e
* - For Slash Burning "level/no. of acres burned" 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
Table C-5: Sample COMPLEX II Input Options 
TERRAIN ADJUSTMENTS 
DO NOT INCLUDE STACK DOWNWASH CALCULATIONS 
DO NOT INCLUDE GRADUAL PLUME RISE CALCULATIONS 
CALCULATE INITIAL PLUME SIZE 
READ MET DATA FROM CARDS 
READ HOURLY EMISSIONS 
SPECIFY SIGNIFICANT SOURCES 
READ RADIAL DISTANCES TO GENERATE RECEPTORS 
DELETE EMISSIONS WITH HEIGHT TABLE 
DELETE MET DATA SUMMARY FOR AVG PERIOD 
DELETE HOURLY CONTRIBUTIONS 
DELETE MET DATA ON HOURLY CONTRIBUTIONS 
DELETE FINAL PLUME RISE CALC ON HRLY CONTRIBUTIONS 
DELETE HOURLY SUMMARY 
DELETE MET DATA ON HRLY SUMMARY 
DELETE FINAL PLUME RISE CALC ON HRLY SUMMARY 
DELETE AVG-PERIOD CONTRIBUTIONS 
DELETE AVERAGING PERIOD SUMMARY 
DELETE AVG CONCENTRATIONS AND HI-5 TABLES 
RUN IS PART OF A SEGMENTED RUN 
WRITE PARTIAL CONC TO DISK OR TAPE 
WRITE HOURLY CONC TO DISK OR TAPE 
WRITE AVG-PERIOD CONC TO DISK OR TAPE 
PUNCH AVG-PERIOD CONC ONTO CARDS 
COMPLEX TERRAIN OPTION 
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Figure C-1: Gaussian Plume Representation 
Source 
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Appendix D 
User's Manual - NORTH 
Introduction 
NORTH is an interactive FORTRAN program that allows the User to 
accumulate concentrations of two air pollutants, S02 and TSP, at receptor points in 
the Northfork Flathead Valley. 
The sources for S02 are located in the Columbia Falls - Kalispell Area, Figure 
D-1. All of these are point sources. 
The sources for TSP are located in the Northfork Valley itself, Figure D-2. 
These are area sources and include gravel/dirt road and slash burning emissions. 
The receptor points are located in the upper and lower portions of the 
Northfork Valley as illustrated in Figure D-3. 
NORTH accesses previously calculated concentrations, stored in the input 
datasets: PSIN.DAT (point source input data), NONPIN.DAT (Non-point source input 
data). RECEP.DAT (receptor information - for output purposes only), is the third 
input dataset. The data contain one concentration value for each receptor, from 
each source, at each level of use. NORTH accumulates the appropriate 
concentration for a given receptor based upon the choices for each source, made 
by the user. 
Certain assumptions were made in the actual concentration calculation 
process. These are explained below and should be considered whenever the 
results are interpreted. The assumptions are: 
1) The overall modeling period is one year, however, some sources 
only exist for a time period less than one year, therefore, their 
contribution to the overall average hourly receptor concentration 
is only valid during their period of emission. 
2) All pollutants are conservative. No removal mechanisms are taken 
into account. In the case of TSP, rapid deposition of large 
particulates can lower the actual mass transported and thus measured 
at a receptor. 
3) For S02, all sources emit S02 continuously. Those sources which 
operate for periods less than one year were modeled for that period 
only, but again their emissions were continuous. This should be noted 
especially for sources which emit 8 hours/day, 5 days/week. 
4) TSP road sources assume uniform travel 24 hours/day. 
5) TSP slash burning assumes a constant burning rate, fuel moisture 
content, fuel size distribution, and burning in one section at a time 
with the earliest burning occurring at the southernmost section in 
June, and proceeding sequentially northward, ending in early November 
6) The meteorological events of 1982 are considered. 
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NORTH Operation 
On the University of Montana DECA System, NORTH can be executed by 
entering the following command at the Operating System level: 
execute model.for 
On the VAX UMT01 system the command is: 
run north.exe 
On the DECA system, the user must be sure that the three input datasets, 
PSIN.DAT, NONPIN.DAT, and RECEP.DAT, are located in the "scratch" disk area. This 
can be accomplished with the following commands: 
copy psin.dat scr:psin.dat 
copy nonpin.dat scr:nonpin.dat 
copy recep.dat scr:recep.dat 
On the VAX UMT01, the datasets must be in the user's directory. 
After the program has begun execution, it reads the input data from the 
aforementioned files. No user action is needed. The program will display an 
introduction screen next. 
The user determines the direction of the program flow by inputting various 
choices as NORTH proceeds. The user is given a list of choices every time user 
action is required. All choices are fully explained on the screen. For the first few 
runs, the user should simply follow the screen menus. After the user has become 
familiar with the program, it is suggested that the user have the action responses 
prepared in advance to expedite the operation of NORTH, and to keep track of all 
choices made. NORTH will however, present a complete list of choices used for a 
given run in the output data set. 
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All choices are made in the form of an integer value. When prompted for a 
choice, simply type the appropriate number and then press the RETURN key on the 
keyboard. NORTH will perform the appropriate action and display the next menu. 
Program Choices 
Choice 1: After the program displays the introduction message it will prompt 
the user for the type of sources to be considered for the run. 0 can be entered if 
the user wishes to stop the run at this point. Otherwise, enter the appropriate 
value for the SOURCE TYPE CODE, to consider point, non-point, or both types of 
sources. 
At this point the user will have to make particular choices for each of the 
particular sources. The SOURCE TYPE CODE entered above will direct NORTH to 
first evaluate Point sources (if so desired by the user) followed by Non-Point 
sources. If only Non-point sources are to be considered, NORTH will proceed 
directly to them. Choices 2-6 are to be used for either Point or Non-point 
sources, except where noted. 
Choice 2: Choose the total number of sources to be considered from the list 
of sources displayed. E.G. enter 3 if three sources are to be considered. 
Choice 3: Choose the particular source to be considered from the list of 
sources. This will be performed as many times as the value entered in Choice 2. 
The SOURCE NUMBER is to be entered. 
Choice 4: (Non-point sources only). Each particular source occurs in each of 
the three sections of the Northfork Valley (see Figure D-2). The user must choose 
how many of the three sections will be considered. 
Choice 5: (Non-point sources only). Choose which section the selected 
source will be considered in. This will be repeated as many times for each source 
as the value in Choice 4. The value entered is SECTION NUMBER. 
Choice 6: The user must now choose the "Level of Use" for the particular 
source that is being considered. This level corresponds to the emission rate 
produced, which is in turn based on the amount of fuel or product processed. The 
choices are fixed percentages of increase or decrease of a base Level of Use, as 
determined in the modeling study (see Chapter 3). The value LEVEL NUMBER is 
entered. This corresponds to a percent change as displayed in the menu. This will 
be repeated as many times as 1) the number of sources for Point Sources or 2) 
the number of sections for Non-Point sources. The user must enter a LEVEL 
NUMBER for each of these. 
This completes the choices necessary to make one run of NORTH. When the 
"Run ended" message appears, NORTH has completed its run. Output can be 
viewed in the dataset SCR:NORTHO.DAT on the DECA. On the VAX UMT01, the 
output is in NORTHO.DAT. The data set can be saved on disk by copying into the 
user's directory, on tape, or on hardcopy Consult User's Services for assistance 
with this. To view the output on the screen, enter the following command and 
scroll through the dataset: 
type scr:northo.dat - On the DECA 
type northo.dat - on the VAX UMT01 
The user should note that NORTH does not internally keep track of all 
choices made by the user. Consequently, if the user duplicates any choice, for 
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example considering the same source twice, NORTH will treat these as two 
separate choices. Therefore, it is advised that the user keep track of the choices 
made while making a model run. A list of the choices made is printed in the 
output data set. 
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Appendix E 
NORTH Annual Hourly Average Concentrations 
Results for All Sources at Zero Level 
NORTH Version 1.0 - Cumulative Air Pollutant Effects 
For the Northfork Flathead Valley 
TABLE 1 - RECEPTOR INFORMATION 
*********************************************************************** 
REC # East Coord (km) North Coord (km) Ground Elev (m) 
***** *************** **************** *************** 
1 711.30 5374.70 1200.00 
2 712.30 5375.30 960.00 
3 713-00 5375.40 1000.00 
4 711.50 5377.00 1000.00 
5 713.00 5379.90 1000.00 
6 711.90 5380.70 1250.00 
7 709.90 5385.00 1000.00 
8 709.60 5387.80 1250.00 
9 708.20 5389.90 1850.00 
10 710.70 5889-50 1010.00 
11 711.70 5390.90 1050.00 
12 710.20 5389.80 1250.00 
13 711.30 5387.20 2010.00 
14 709.50 5391.50 1030.00 
15 707.50 5395.70 1040.00 
16 705.00 5399.70 1060.00 
17 702.10 5404.60 1120.00 
18 698.90 5408.90 1090.00 
19 696.10 5413-30 1120.00 
20 693.60 5417.80 1150.00 
21 691.00 5422.10 1190.00 
22 688.50 5426.20 1190.00 
23 685.80 5429.60 1240.00 
TABLE 2 - SOURCE INFORMATION 
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*********************************************************************** 
Point sources for S02 and 
Non-Point sources for TSP were considered for this run 
POINT SOURCES 
************* 
The # 1 point source considered was 
plum creek evergreen stoker boiler waste wood fired 
At level # 1 
The amount processed is: 147000.00 
e= 701.7, n= 5345.3, 0 level S02 rate (g/sec)= 0.32,usage:full, 
st base el:888 
The # 2 point source considered was 
Plum Creek Evergreen veneer heater waste wood fired 
At level # 1 
The amount processed is: 33549.00 
e= 701.7, n= 5345.3, 0 level S02 rate (g/sec)= 0.07,usage:full, 
st base el:888 
The # 3 point source considered was 
Plum Creek Columbia Falls Waste wood boiler 
At level # 1 
The amount processed is: 42880.00 
e= 708.1, n= 5361.8, 0 level S02 rate (g/sec)= 0.09,usage:full, 
st base el:932 
The # 4 point source considered was 
Stolze Columbia Falls Waste wood boiler 
At level # 1 
The amount processed is: 40300.00 
e= 709.1, n= 5362.8, 0 level S02 rate (g/sec)= 0.09,usage:full, 
st base el:942 
The # 5 point source considered was 
Columbia Falls Aluminum Reduction Cells 
At level # 1 
The amount processed is: 159404.00 
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e= 712.1, n= 5363.8, 0 level S02 rate (g/sec)= 51.1,usage:full, 
st base el:945 
The # 6 point source considered was 
American Asphalt Concrete Dryer 
At level # 1 
The amount processed is: 46735.00 
e= 705.2, n= 5344.3, 0 level S02 rate (g/sec)= 0.34,usage:1200, 
st base el:900 
The # 7 point source considered was 
Pack and Co. Asphalt Batch Plant 
At level # 1 
The amount processed is: 33000.00 
e= 698.4, n= 5345.7, 0 level S02 rate (g/sec)= 0.24,usage:1200, 
st base el:910 
NON POINT SOURCES 
***************** 
The #1 Non-Point source was considered 
dirt road TSP emissions 
In the #1 section 
The Level of use was 1 
This level creates: 75.00 tons/yr of TSP 
184 day/yr used, 30 nodust days, adt =2,6% silt, vehicle speed = 20 mph 
road miles sec1=150, sec2=128.2, sec3=64 
The #1 Non-Point source was considered 
dirt road TSP emissions 
In the #2 section 
The Level of use was 1 
This level creates: 64.00 tons/yr of TSP 
184 day/yr used, 30 nodust days, adt =2,6% silt, vehicle speed = 20 mph 
road miles sec1=150, sec2=128.2, sec3=64 
The #1 Non-Point source was considered 
dirt road TSP emissions 
In the #3 section 
The Level of use was 1 
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This level creates: 32.00 tons/yr of TSP 
184 day/yr used, 30 nodust days, adt =2,6% silt, vehicle speed = 20 mph 
road miles sec1=150, sec2=128.2, sec3=64 
The #2 Non-Point source was considered 
gravel road (primary route) TSP emissions 
In the #1 section 
The Level of use was 1 
This level creates: 1849.00 tons/yr of TSP 
365 day/yr used 180 nodust days, adt:sec1&2=172 sec3=78,12^ silt, 
speed= 30 
road miles sed = 12.0, sec2 = 7.6, sec3 = 27.9 
The #2 Non-Point source was considered 
gravel road (primary route) TSP emissions 
In the #2 section 
The Level of use was 1 
This level creates: 1171.00 tons/yr of TSP 
365 day/yr used 180 nodust days, adt:sec1&2=172 sec3=78,12^ silt, 
speed= 30 
road miles sed = 12.0, sec2 = 7 .6 ,  sec3 = 27-9  
The #2 Non-Point source was considered 
gravel road (primary route) TSP emissions 
In the #3 section 
The Level of use was 1 
This level creates: 1949.00 tons/yr of TSP 
365 day/yr used 180 nodust days, adt:sec1&2=172 sec3=78,12£ silt, 
speed= 30 
road miles sed = 12.0, sec2 = 7.6, sec3 = 27.9 
The #3 Non-Point source was considered 
slash burning emissions TSP 
In the #1 section 
The Level of use was 1 
This level creates: 1079.00 tons/yr of TSP 
burning starts: sed: July 1 sec2: July 29 sec3: Sept 1 - 0.5 acres 
burned/hr 
hours in burning period = acres/0.05 - tons/acre TSP sec 1&2 = 2.85 
sec3= 2.7 
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The #3 Non-Point source was considered 
slash burning emissions TSP 
In the #2 section 
The Level of use was 1 
This level creates: 1301.00 tons/yr of TSP 
burning starts: sed: July 1 sec2: July 29 sec3: Sept 1 - 0.5 acres 
burned/hr 
hours in burning period = acres/0.05 - tons/acre TSP sec 1&2 = 2.85 
sec3= 2.7 
The #3 Non-Point source was considered 
slash burning emissions TSP 
In the #3 section 
The Level of use was 1 
This level creates: 1595.00 tons/yr of TSP 
burning starts: sed: July 1 sec2: July 29 sec3: Sept 1 - 0.5 acres 
burned/hr 
hours in burning period = acres/0.05 - tons/acre TSP sec 1&2 = 2.85 
sec3= 2.7 
TABLE 3 - CONCENTRATION DATA (micrograms/cubic meter) 
*********************************************************************** 
REC # S02 C0NC TSP C0NC 
***** ******** ******** 
1 2.63 0.00 
2 0.27 0.00 
3 11.41 0.00 
4 0.99 0.00 
5 2.19 0.00 
6 0.26 0.00 
7 1.60 0.00 
8 1.38 0.00 
9 1.98 0.00 
10 0.47 0.00 
11 0.16 0.00 
12 0.69 0.00 
13 0.29 0.00 
14 0.48 27.99 
15 0.36 33.98 
16 0.30 38.81 
17 0.25 37.94 
18 0.21 37.79 
19 0.17 36.67 
20 0.15 36.41 
21 0.13 34.64 
22 0.11 31.43 
23 0.09 26.83 
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